Spreading depression triggers ictaform activity in partially disinhibited neuronal tissues.
There is unequivocal electrophysiological evidence that spreading depression (SD) can trigger epileptiform field potentials. In vitro experiments on human brain tissues indicated that γ-aminobutyric acid (GABA)-mediated inhibition prevented this process. Intra- and extracellular recordings of bioelectrical activities were performed in the rodent neocortex, hippocampus and amygdala after perfusion of low concentrations of the GABAA antagonist bicuculline and induction of SD by KCl application. Induction of SD in combined amygdala-hippocampus-cortex slices pre-treated with low concentration of bicuculline triggered epileptiform burst discharges in cortical as well as subcortical brain structures. Propagation of SD significantly depolarized the membrane, decreased the amplitude and duration of action potentials (APs) and after-hyperpolarization as well as the neuronal membrane input resistance and the amplitude of threshold potentials. Ten to twenty minutes after induction of SD, the pattern of APs changed from regular firing to a series of APs riding on an underlying paroxysmal depolarization shift before the appearance of typical ictaform activities. Changes of characteristic features of APs occurred after SD persisted during the appearance of epileptiform activities. These results indicate that SD increases neuronal excitability and facilitates synchronization of neuronal discharges in the presence of partial disinhibition of neuronal tissues. Our findings might explain the occurrence of seizures in neurological disorders with partial impairment of inhibitory tone, such as brain ischemia and epilepsy.